INTRODUCTION
Systematic and broad socioeconomic inequalities exist in child mortality and morbidity rates throughout Europe, [1] [2] [3] particularly in child injury, which is also the leading cause of mortality for children in Europe. 4 5 Tackling the mechanisms of child health inequalities can significantly help to improve not only child health but also the life course. 6 Thus, measuring differences in child mortality rates across Europe, specifically injury mortality, is important in order to reduce the cross-national gaps in child health and safety in the region. Social conditions are acknowledged as a fundamental cause of health inequalities 7 and are relevant for child injury, as abundant research at the individual and area level proves that low socioeconomic status is detrimental to child safety. 4 5 8 Two broad mechanisms at the individual level exist to explain this, namely, differential vulnerability and differential exposure. [9] [10] [11] Child injury prevention has focused on differential exposure by targeting risks in and around the home environment. 12 Adverse housing and neighbourhood conditions contribute to increased child injuries, as well as a range of other adverse health outcomes, [13] [14] [15] [16] [17] and improving the housing conditions of vulnerable populations has the potential to improve health. 18 19 Mechanisms also operate at the country level to explain the differences between countries in health disparities. These include national differences in social investment 20 21 and levels of social cohesion, 22 whereby countries with high economic inequality tend to show higher health disparity. 23 24 In turn, lower levels of economic inequality and redistributive social health policies, those that provide more equal access to resources, are able to weaken certain aspects of the socioeconomic health gradient. [23] [24] [25] There exists a body of research investigating the unequal distribution of health linked to economic differences, 10 20 26 27 but injury has not received much attention. Yet, child injury rates have been shown to be strongly and positively associated with both country-level income inequality and adverse living standards. 28 In this study, we investigate how housing and neighbourhood at the country level contribute to explain the association between economic differences and child mortality, specifically injury mortality.
MATERIALS AND METHODS Data source
Country-level data from 26 European countries (Austria, Belgium, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Ireland, Iceland, Italy, Latvia, Lithuania, Luxembourg, The Netherlands, Norway (special status country), Poland, Portugal, Slovakia, Slovenia, Spain, Sweden and UK) were derived from several sources, including the WHO Mortality Database (WHOSIS, http://www. who.int/whosis/mort/download/en/index.html), the European Statistical Office Eurostat and the European Union Income, Social Inclusion and Living Conditions Database (EU SILC), a multi-purpose instrument to provide comparative statistics on income distribution, living conditions and social exclusion (http://epp. eurostat.ec.europa.eu/portal/page/portal/income_social _inclusion_living_conditions/introduction).
Outcome variable
The outcome variable explored in this analysis was age-standardised mortality rates of children 
Independent variables
The key predictor of interest was the proportion of European households at country level with adverse housing and neighbourhood conditions. As such a variable does not exist, it was necessary to create an index of adverse housing and neighbourhood conditions differentiating European countries. Forty household-and neighbourhood-level variables were extracted from the 2006 EU SILC survey for the 26 countries, yielding a total sample size of approximately 203 000 households based on country representative samples. We considered above all the variables with documented socioeconomic disparities within countries, for example, dwelling type, rental/owner status, leaking roof, pollution and crime around the home, as well as possession of material goods, such as a computer/television/ mobile phone, or capacity to face unexpected expenses. As high colinearity was expected between attributes, several of the 40 originally retained variables were eliminated on the grounds of redundancy (tested using Spearman's rank and Pearson coefficient correlations). The remaining housing and neighbourhood attributes that showed wide disparities between countries were then analysed by means of an exploratory factorial analysis using the principal axis method with oblique rotation. Factor scores were estimated by creating the linear composites of observed items, that is, the scores resulting from adding the optimally weighted scores of countries on the characteristics in question. 29 The factor analysis based on the EU SILC variables generated two specific factors that were labelled housing strain and neighbourhood strain to reflect adverse housing and neighbourhood conditions (table 1) . These two factors together explained 42% of the total variation in the data (26% and 18%, respectively).
Other covariates included in the analysis were two country-level economic indicators for the reference year 2006. Data on a country's gross domestic product (GDP), defined as millions of purchasing power standard, were derived from Eurostat (http://epp. eurostat.ec.europa.eu/statistics_explained) to represent economic differences between the countries. Income inequality used to reflect differences within countries was defined based on the Eurostat 80 : 20 income quintile share ratio, a ratio of the percentage of cumulative income held by the richest 20% and poorest 20% population deciles (http://epp.eurostat.ec.europa.eu/ statistics_explained/index.php/Social_inclusion_statistics#Income_ inequalities).
Statistical analysis
The housing and neighbourhood strains derived from the factor analysis were regarded as occupying an intermediate causal position between the economic measures and child mortality. Linear regression analysis was applied to measure if the housing and neighbourhood strains have a significant association with various causes of child mortality. Next, we tested whether a strain found to be significant modified the association between GDP/income inequality and child all-cause mortality and injury mortality. In order to satisfy the underlying assumption of linear regression, the GDP data underwent a log transformation to follow a symmetrical distribution. CIs were set at 95% and p values at <0.05 (two-sided). Data analysis was performed using SAS software, V.9.2 (SAS Institute Inc., Cary, North Carolina, USA).
RESULTS
In our analyses, the regression showed a significant association between housing strain and all child mortality outcomes, but not for neighbourhood strain (table 2). The strongest association existed for all-cause child mortality, which increased by 10.66 (95% CI 4.62 to 16.69) deaths per 1000 children as housing strain increased. The weakest association, nonetheless, was still significant for road traffic injury mortality. Table 3 shows a significant association between the two country-level economic measures, income inequality and GDP, and child mortality for all outcomes. The strongest association existed for all-cause child mortality, which increased by 2.93 (95% CI 1.42 to 4.45) deaths per 1000 children as the ratio of country-level income inequality increased, and decreased by 10.66 (95% CI −14.39 to −6.92) deaths per 1000 children as the GDP increased. Furthermore, housing strain partially modified the relationship between income inequality and all child mortality outcomes, except for road traffic injury mortality where the results support full mediation. When using GDP as the economic measure, housing strain partially modified the relationship between GDP and all child mortality outcomes.
DISCUSSION Main findings
Our analyses show that in the European context statistically significant relationships exist between a country's GDP/income inequality and child mortality. Increasing GDP is significantly associated with a lower child mortality rate, from all causes and mortality from injuries, whereas the reverse holds that increasing income inequality is significantly associated with a higher child mortality rate. In addition, a significant association was found between housing strain and all child mortality outcomes, but not for neighbourhood strain. It may be that the variables available in the EU SILC survey representing the neighbourhood strain (crime, pollution, noise) were not specific enough to reflect child mortality outcomes. Further analysis found that housing strain partially mediated the association between income inequality or GDP and child mortality. The exception to this was income inequality and housing strain with regard to road traffic injury, in which housing strain fully mediated the association. One possible explanation is that children from poor families and from more deprived areas are more exposed to a wider range of hazards in the road environment. 30 These data suggest that material deprivation in a child's environment, in the form of adverse housing conditions, negatively impact child mortality, as well as contribute to the effect of high income inequality or low GDP on child mortality. Other studies of this kind focused on high-income countries and therefore could not investigate whether housing conditions came into play for both economic level and income inequality. 10 Due to the small sample sizes, the injury groupings did not allow for subtle variations to be observed, for example, between road user categories or between specific causes among unintentional injuries excluding road traffic.
A European quantification of the 'Environmental burden of disease associated with inadequate housing' showed that housing is a major public health issue costing lives. 31 For example, the report estimated that a lack of window guards and functioning smoke detectors cause approximately 7500 injury deaths and over 200 000 disability-adjusted life years in the European region annually. 31 Research in the UK also showed that inadequate housing is a huge financial burden on the health sector, whereby investment on improving housing could save money and provide health benefits. 32 Countries that have systematically addressed the social determinants of child injury also have the lowest injury mortality rates in the region. 5 For example, Sweden's commitment to regulations and legislation mandating safer living environments, for example, window guards for homes, 33 combined with a sense of social responsibility has resulted in decades of low child injury mortality rates. Furthermore, there is evidence showing that housing improvements addressing structural deficiencies (installed working smoke alarms, four-sided isolation pool fencing and preset hot water temperature) may assist in reducing unintentional deaths and injuries. 34 This lends support to the notion that country differences in child injury may be influenced by unequal access to resources to ensure safe environments for children. Notably, this may operate even for high-income countries as shown in this study sample.
The study contributes to the body of research investigating more closely the potential macro-determinants of the unequal distribution of health. 10 28 The recent WHO report 'Environmental health inequalities in Europe' 35 confirms that environmental health inequalities exist in all subregions and in all countries of the European region, with each country having a specific portfolio of inequalities. These inequalities most often affect disadvantaged groups. As socioeconomic inequality is on the rise in numerous countries in Europe, such risk differentials must be addressed. 5 This study is one of the first to measure the impact of country-level housing deprivation on child injury. It is essential to intervene as soon as possible in children's lives because longitudinal studies have revealed that multiple housing deprivation leads to a greater risk of disability or poor health in later life, 36 independently of the effects of socioeconomic deprivation in child or adulthood. 37 
Limitations
This study covers a wide range of European countries and uses two different economic measures to explore the complex and Table 3 Association between income inequality and gross domestic product (GDP) and child mortality modified by the housing strain difficult task of isolating the factors driving the association between economic disparity and child mortality at the country level. Although country-level comparisons are importantsometimes essential-for research and policy purposes, access to comparative material/data sources is seldom easy and often problematic. The EU SILC data used herein are collected by surveys, registers or a combination of both, and there is concern that this difference in sources may account for measured differences, especially as Nordic countries tend to use registers and also have lower levels of income inequality and relative poverty. 38 Yet, it is recognised by Eurostat that there is a need for systematic assessment of EU SILC comparability with external sources. 38 Furthermore, the data on housing conditions used to conceptualise the notion of the home environment indexes rely on self-reporting as no public health officials were employed to inspect the homes on site based on a standardised assessment form as is done in the UK. 31 Thus, self-reporting bias may exist. Nonetheless, the EU SILC remains the key source for measures of income, housing, labour information and social exclusion due to its adherence to data quality guidelines and procedures aimed at maximising comparability at the EU level, as documented by Eurostat. 38 Also, the conceptual limitation to the cross-sectional design is that it was only able to ascertain housing conditions that contributed to the association between two country-level economic differentials and child mortality. It is difficult to demonstrate measurable cause-effect relationships due to inadequate housing conditions often being linked with other forms of deprivation. 12 18 Finally, the association between country-level deprivation and all-cause/cause-specific mortality was analysed without being able to identify the independent contribution of the child and caregiver characteristics. It is extremely challenging for public health research to accomplish this on a European scale.
Implications for prevention
Reducing child health inequities in Europe is a matter of fairness and is economically necessary. The European Parliament estimates that losses linked to health inequalities cost around 1.4% of the GDP within the European Union-a figure almost as high as the EU's defence spending at 1.6% of GDP. 39 Yet, tackling these inequalities requires a public health shift from targeting individual risk factors to focusing on altering social conditions that affect health determinants. The Commission on Social Determinants of Health calls for improving daily living conditions as a primary goal for reducing health inequalities. 4 As the health and well-being of children is a shared value among European countries, a multi-country approach is relevant and requires cross-sectoral commitment. The European policy to secure adequate housing conditions for all children in the region is a means to intervene in the complex social processes impacting child mortality. 40 For prevention policy purposes, future research is needed to improve and standardise at the country level the cause and effect of housing and neighbourhood interventions linked to injury prevention efforts.
CONCLUSION
This study supports the notion that housing conditions operate at the country level by mediating the relationship between a country's economic-level GDP/income inequality and child mortality. Therefore, it is plausible that tackling housing conditions may buffer the association between a country's economic differentials and child mortality.
What this study adds ▸ In the European context, a significant association was found between adverse housing conditions and all child mortality outcomes, but not for adverse neighbourhood conditions. ▸ Adverse housing conditions were found to partially mediate the association between income inequality or GDP and child mortality. ▸ Housing conditions may buffer the negative impact of a country's economic differentials on child mortality.
Severe Traumatic Brain Injury in the USA
A recent Morbidity and Mortality Weekly Report (MMWR) report summarises how public health efforts may reduce the incidence or reduce short-and long-term consequences of Traumatic Brain Injury. The solutions lie with primary prevention, early management, and comprehensive rehabilitation and community reintegration. In addition, the report urges improved surveillance, more evidence-based strategies, and the implementation of interventions that have been shown to work. Editors note: The full report is commendable but curiously jumps from primary prevention to early management thus managing to avoid any mention of the role of helmets.
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6227a2.htm?s_cid=mm6227a2_w.
